1. Introduction {#s0005}
===============

Since December 2019, a novel coronavirus with person-to-person transmission, which was named by WHO as Corona Virus Disease 2019 (COVID-19) ([@bib281]), emerged from China and rapidly spread to many other countries becoming a worldwide pandemic ([@b0035], [@b0045], [@b0120], [@b0170], [@b0280]). The escalating global morbidity and mortality of COVID-19 has raised significant public health and economic concerns. As of April 20th, 2020, the PRC officially reported that the total number of confirmed COVID-19 cases had reached more than 88,000, while the total number of international cases surged to more than 2,400,000. Previous studies of similar viral respiratory diseases, such as severe acute respiratory syndrome (SARS), have shown that the infected patients present with varying degrees of mental health problems even after being discharged from hospital, indicating that the mental status of these individuals should not be ignored ([@b0040], [@b0140]).

Based on this observation, the National Health Commission of China released several mental health guidelines for COVID-19 patients. One focused on basic principles for emergency psychological crisis interventions in pneumonia for novel coronavirus infections ([@b0160]). However, these documents were developed and disseminated based on evidence-based studies from non-COVID epidemics. To date, only one brief report ([@b0025]) has investigated the post-traumatic stress symptoms experienced by COVID-19 patients.

According to previous studies, survivors of viral infectious diseases are prone to depression ([@b0100]), anxiety ([@b0245]), adjustment disorder ([@b0225]), acute stress-related disorder ([@b0090]), and post-traumatic disorder ([@b0165]). Studies exploring the psychological effects during the 2002--2004 SARS outbreak in China highlighted the anxiety and depression that emerged immediately after the epidemic ([@b0040], [@b0265]). At six months post-hospital discharge, approximately 25 percent of survivors experienced significant depression, and approximately 8.3 percent of survivors had adjustment disorder or Posttraumatic Stress Disorder (PTSD) ([@b0255]). At 30 months post-SARS, 25 percent of the patients met diagnostic criteria for PTSD, while 15.6 percent had depressive disorders ([@b0140]).

Previous studies were usually conducted after the patients were discharged from hospital and thus over relied on quantitative methodology. Conversely, combining quantitative and qualitative approaches and collecting data germane to the immediate psychological distress experienced by infected patients may result in a more accurate and comprehensive understanding of a viruses' impact on mental status ([@b0075], [@b0175]).

Additionally, the presence of mood and anxiety disorders may be highly correlated to the severity of physiological status, especially as it is reflected in blood levels of peripheral inflammation markers. Studies have consistently reported that altered levels of peripheral C-reactive protein (CRP) ([@b0220]), white blood cell (WBC) count ([@b0190]), and excessive cytokines ([@b0085]) correlate with symptoms of depression and anxiety. Therefore, this investigation into the interactions between mental status and inflammatory marker levels in COVID-19 patients may assist in a better understanding of the psychological impacts of this disease.

In our study, we used a mixed-methods approach to examine the immediate impact of social-psychological factors on COVID-19 patients (mild cases) who are in quarantine. We also explored the relationship between psychological distress and levels of peripheral inflammatory markers found in blood tests of COVID-19 patients.

2. Method {#s0010}
=========

2.1. Design and participants {#s0015}
----------------------------

This cross-sectional study utilized a mixed-methods approach to investigate the mental status of hospitalized patients with COVID-19 and how it relates to the presence bio-markers of peripheral inflammation. Data were collected during the COVID-19 pandemic from February 10th to February 28th, 2020. Patients were recruited primarily from the Shanghai Public Health Clinical Center (Shanghai, China), except for two patients from two other provinces (Sichuan and Hubei) who were willing to participate in a telephone interview. Patients were eligible for inclusion if they volunteered, were 18 years or older, and could respond to on-line survey questions. Using diagnostic criteria found in the the 4th version of "Diagnosis and management program of novel coronavirus-infected pneumonia" released by the National Health Commission of The People\'s Republic of China ([@b0050]), 103 patients diagnosed with mild cases of COVID-19 were included in this study. Peripheral blood samples were voluntarily obtained from hospitalized patients and all were found to contain viral nucleic acid consistent with COVID-19. None of the participants had lymphatic system disorders or malignant hematologic diseases, ensuring that the whole blood parameters were representative of typical baseline values. The 103 normal controls (NCs) were matched with the patients for age, gender, education level, and place of residence. None of the NCs had been diagnosed with COVID-19 or suspected for infection with COVID-19. NCs were recruited from local communities and volunteered to participate in our on-line survey. None of them reported a history of being diagnosed with any mental disorder, using diagnostic criteria of the International Classification of Diseases, tenth version (ICD-10).

The purpose of the on-line survey was explained in plain language to patients, "We are trying to understand how the infection of COVID-19 affects your mental status and daily-life." The NCs were told, "We are trying to understand how the outbreak of COVID-19 affects your mental status and daily-life recently." Verbal informed consent was provided to participants prior to the enrollment and all participants answered "Agreed" to the informed consent associated with the on-line survey. This study was approved by the Local Research Ethics Committee, Institutional Review Board, Shanghai Mental Health Center (2020--17).

2.2. Demographic data and clinical assessments {#s0020}
----------------------------------------------

All participants completed the on-line survey with their cell phones using the Chinese professional survey website Wenjuanxing (www.sojump.com). Socio-demographic information, including the participants\' gender, age, marital status (single, married, divorced, widowhood), and socio-economic background (e.g., education level, occupation), was collected. Open-ended questions with free form response fields were posed regarding current concerns and opinions regarding on-line psychological support.

The Patient Health Questionnaire, 9-item version (PHQ-9) ([@b0095]), Generalized Anxiety Disorder Assessment 7-item version (GAD-7), Perceived Stress Scale, 10-item version (PSS-10) ([@b0015]), and the PTSD Checklist for DSM-5 (PCL-5) were used to assess the levels of psychological distress of all participants ([@b0260]). All were self-report scales with clear cutoff scores determining severity of symptoms. For PHQ-9, the total scores of 5, 10, 15, and 20 represented mild, moderate, moderately severe, and severe depression, respectively. The cutoff points used for the GAD-7 for mild, moderate, and severe anxiety were 5, 10, and 15, respectively. The PSS-10 consisted of two factors, with six negatively worded items (Items 1--3, 6, 9, 10) comprising the first factor and four positively worded items (Items 4, 5, 7, 8) comprising the second factor ([@b0015], [@b0070], [@b0195]). Specifically, the first factor represents negative feelings associated with stress, i.e., "Perceived Helplessness", and the second factor reflects positive feelings counter to stress, "Perceived Self-Efficacy" ([@b0185]). The post-traumatic and stress-related symptoms were measured by PCL-5. The PCL-5 is a 20-item that evaluates DSM-5 PTSD symptoms caused by a currently distressing event in the past month ([@b0260]). Four subscale scores can be calculated by summing items as follows: intrusions (Items 1--5), avoidance (Items 6--7), negative alterations in cognitions and mood (NACM) (Items 8--14), and alterations in arousal and reactivity (AR) (Items 15--20). The Chinese translated versions of the PHQ-9 ([@b0235]), GAD-7 ([@b0125]), PSS-10 ([@b0240]), and PCL-5 ([@b0115]) have been validated by previous studies.

The peripheral inflammatory biomarkers were collected twice in the patient group, at the first day of hospitalization and within ± three days of fulfilling the on-line survey. These biomarkers included leukocyte count, platelet count, neutrophil count, lymphocyte count, monocyte count, hypersensitive C-reactive protein (HS-CRP) level, procalcitonin (PCT), and erythrocyte sedimentation rate level (ESR). Blood specimens were collected between 6:30 am and 7:00 am by venipuncture into EDTA tubes, and were analyzed in a central laboratory within 2 hours. Blood cell counts were determined using Sysmex XT-4000i Automatic Hematology Analyzer (Sysmex Corporation, Kobe, Japan). HS-CRP was determined by nephelometry method using the Lifotronic PA-990 (Lifotronic, Shenzhen, China). PCT was measured by electrochemiluminescence immunoassay (ECLIA) using the Roche Elecsys Modular and Cobas e602 (Roche, Zurich, Switzerland). ESR was measured by the Automatic dynamic ESR analyzer, Vision-B (YHLO Biotech Co, Shenzhen, China).

Two psychologists interviewed the five patients who participated in a "semi-interview" by telephone. The semi-interviews were structured to collect insights into the perceived stress and the post-traumatic symptoms of the patients with COVID-19 (for details of the list see [Supplementary List 1.](#s0075){ref-type="sec"}). The patients were informed that all information they deemed as confidential would not be recorded in the interview. If any questions made them uncomfortable, they could refuse to answer them. The audiotaped interviews were transcribed for data analysis.

2.3. Statistical analysis {#s0025}
-------------------------

Statistical analyses of demographic, clinical data were conducted using R (Version 3.6.0), with package "psych" and package "ggplot2″ ([@b0205]). ANOVA (Analysis of Variance) models were used to compare continuous and normally distributed variables between groups. The Mann-Whitney U tests were used to analyze continuous and abnormal distributed variables. Categorical variables were described by frequencies (percent), and Chi-square tests were used to detect group differences. The relationship between patient psychological assessments and their measured levels of peripheral inflammation levels was also examined with Spearman\'s correlation tests.

Qualitative data were managed and analyzed using NVivo, version 11. The entire dataset, i.e., the complete responses of all participants, was coded by one author (Y. Zheng), and the content related to the aims of research was specifically noted during coding. The descriptive phenomenological approach was utilized in this study to render the results of analyzing our data accurate. The coded data corresponding to the quantitative variables in the measures, including PSS-10 and PCL-5, were extracted and compared between the two groups. The extracted narratives of patients were translated into English.

3. Results {#s0030}
==========

3.1. Demographic and clinical characteristics {#s0035}
---------------------------------------------

Demographic data did not differ in age, gender, education level, and marital status between patients with COVID-19 and NCs ([Table 1](#t0005){ref-type="table"} ). The mean age (SD) of patients and NCs were 42.50 (SD = 12.53) and 41.45 (SD = 13.09), respectively, with the largest proportion being between 31 and 45 years of age for both groups. Twenty-three (22.3 percent) patients had comorbidity, of which hypertension (13 patients, 10.7 percent) and diabetes (7 patients, 6.8 percent) had the highest comorbidity rates. Of note, one female patient had been diagnosed with major depression and had recovered for one year. The level of education was relatively high in our sample, as 55.3 percent (57) patients and 60.2 percent (62) NCs received a college education. Among open-ended questions, 48.5 percent (50) patients disclosed the concern about the deterioration from their disease, and 41.7 percent (43) patients worried about the physical health of their family members. About 81.6 percent (84) patients expressed the willingness to receive on-line psychological support with Relaxation Training (85.7 percent) and on-line counseling (50 percent) being most preferred. For inflammatory biomarkers, the mean counts of blood cells and the mean level of PCT and CRP was in the normal range, whereas the mean concentration of ERS was significantly elevated.Table 1Demographic and clinical characteristics for patients with COVID-19 and normal controls.VariablesPatient groupControl group*P* valueMale, n(%)59(57.3)54(52.4)0.212Age, (M ± SD)42.50 ± 12.5341.45 ± 13.090.81418--30 (%)17(16.5)17(16.5)31--45 (%)52(50.5)50(48.5)46--60 (%)22(21.4)24(23.3)61--75 (%)12(11.7)12(11.7)Education, n(%)0.599Primary school1(1.0)2(1.9)High school22(21.4)18(17.5)College57(55.3)62(60.2)Postgraduate23(22.3)21(20.4)Occupation n(%)0.946Students0(0)3(2.9)Enterprise employees58(56.3)46(44.7)Government employees4(3.9)3(2.9)Teachers5(4.9)6(5.8)Medical staff7(6.8)16(15.5)Individual household10(9.7)11(10.7)Other19(18.4)18(17.5)Marriage n(%)0.121Married84(81.6)72(69.9)Unmarried13(12.6)25(24.3)Divorced or Widowhood6(5.8)6(5.8)Residential city n(%)0.536Shanghai73(70.9)75(72.8)Wuhan17(16.5)17(16.5)Hubei province (except Wuhan)7(6.8)6(5.8)Other provinces6(5.8)5(4.9)PHQ-9 (M (1st Qu, 3rd Qu))5(3, 8)2(0, 5)\<0.001GAD-7 (M (1st Qu, 3rd Qu))5(1, 7)0(0, 4)\<0.001PSS-10 (M (1st Qu, 3rd Qu))13(10, 17)13(8, 16)0.238PCL-5 (M (1st Qu, 3rd Qu))8(4, 14)4(1, 8.5)\<0.001Comorbidity, n(%)NANone80(77.7)--One20(19.4)--Two2(1.9)--Three1(1.0)--Hospitalization duration (M ± SD)8.16 ± 4.06--NABlood tests (normal range), (M ± SD)Leukocyte (3.50～9.50 × 10\^9/L)5.61 ± 1.90--NAPlatelet (125～350 × 10\^9/L)263.24 ± 93.33--NANeutrophil (1.80～6.30 × 10\^9/L)3.28 ± 1.69--NALymphocyte (1.10～3.20 × 10\^9/L)1.73 ± 0.56--NAMonocyte (0.10～0.60 × 10\^9/L)0.49 ± 0.18--NAHS-CRP (0～10 mg/L)9.00 ± 18.69--NAPCT (0～0.05 ng/L)0.03 ± 0.19--NAESR (0～15 mm/h)52.75 ± 29.34--NA[^2][^3]

The total scores of PHQ-9, GAD-7, and PCL-5 were significantly higher in patients when compared to the NCs ([Table 1](#t0005){ref-type="table"} and [Fig. 1](#f0005){ref-type="fig"} ). A considerable proportion of patients reported depression (62 \[60.2 percent\], the total score of PHQ-9 above 4), and anxiety (59 \[55.3 percent\], the total score of GAD-7 above 4) symptoms. In contrast, the proportion of normal participants who displayed depression (32 \[31.1 percent\]) and anxiety (23 \[22.3 percent\]) symptoms were significantly lower (*χ*2 = 17.61, *P* \< 0.001). Given that 18 (17.5 percent) and 7 (6.8 percent) patients suffered from moderate to severe levels of depression and anxiety ([Table 2](#t0010){ref-type="table"} and [Table 3](#t0015){ref-type="table"} ), respectively, the depression symptoms (DS) appeared to be more prominent in patients with COVID-19 than anxiety symptoms. When stratified by gender, these outcomes did not differ between males and the females in each group.Fig. 1The distributions presenting the total scores of PHQ-9, GAD-7, PSS-10, PCL-5, stratified by genders. The aroids represent that there are significant between-group differences.Table 2Prevalence and demographics of patients with different levels of depression severity.VariablesSeverity of depression in patients with COVID-19 (N = 103)Minimal (0--4)Mild (5--9)Moderate (10--14)Moderately Severe (15--19)Severe (20--17)N(%)41(39.8)44(42.7)16(15.5)1(1.0)1(1.0)Gender: Male, n(%)25(61.0)23(52.3)9(56.3)1(100.0)1(100.0)Age: n(%)18--306(14.6)9(20.5)1(6.3)1(100.0)0(0.0)31--4518(43.9)25(56.8)8(50.0)0(0.0)1(100.0)46--6012(29.3)6(13.6)4(25.0)0(0.0)0(0.0)61--755(12.2)4(9.1)3(18.8)0(0.0)0(0.0)Education: n(%)Primary school1(2.4)0(0.0)0(0.0)0(0.0)0(0.0)High school11(26.8)7(15.9)4(25.0)0(0.0)0(0.0)College19(46.3)26(59.1)11(68.8)1(100.0)0(0.0)Postgraduate10(24.4)11(25.0)1(6.3)0(0.0)1(100.0)Residential city: n(%)Shanghai28(68.3)33(75.0)11(68.8)0(0.0)1(100.0)Wuhan7(17.1)8(18.2)1(6.3)1(100.0)0(0.0)Hubei province (except Wuhan)4(9.8)0(0.0)3(18.8)0(0.0)0(0.0)Other provinces2(4.9)3(6.8)1(6.3)0(0.0)0(0.0)Marriage: n(%)Married32(78.0)36(81.8)14(87.5)1(100.0)1(100.0)Unmarried5(12.2)7(15.9)1(6.3)0(0.0)0(0.0)Divorced or Widowed4(9.8)1(2.23)1(6.3)0(0.0)0(0.0)Table 3Prevalence and demographics of patients with different levels of anxiety severity.VariablesSeverity of anxiety in patients with COVID-19 (N = 103)Minimal (0--4)Mild (5--9)Moderate (10--14)Severe (15--21)N(%)46(44.7)50(48.5)4(3.9)3(2.9)Gender: Male, n(%)26(56.5)29(58.0)2(50.0)2(66.7)Age: n(%)18--308(17.4)8(16.0)1(25.0)0(0.0)31--4518(39.1)29(58.0)2(50.0)3(100.0)46--6014(30.4)8(16.0)0(0.0)0(0.0)61--756(13.0)5(10.0)1(25.0)0(0.0)Education: n(%)Primary school1(2.2)0(0.0)0(0.0)0(0.0)High school12(26.1)9(18.0)1(25.0)0(0.0)College21(45.7)32(64.0)3(75.0)1(33.3)Postgraduate12(26.1)9(18.0)0(0.0)2(66.7)Residential city: n(%)Shanghai28(60.9)39(78.0)3(75.0)3(100.0)Wuhan10(21.7)6(12.0)1(25.0)0(0.0)Hubei province (except Wuhan)5(10.9)2(4.0)0(0.0)0(0.0)Other provinces3(6.5)3(6.0)0(0.0)0(0.0)Marriage: n(%)Married35(76.1)43(86.0)4(100.0)2(66.7)Unmarried8(17.4)5(10.0)0(0.0)0(0.0)Divorced or Widowed3(6.5)2(4.0)0(0.0)1(33.3)

Four factors of PCL-5 were also extracted and compared between groups. The patients showed significant higher scores in intrusive symptoms (Z = 4.67, *P* \< 0.001), NACM (Z = 3.47, *P* = 0.001), and AR (Z = 3.17, *P* = 0.002) compared to normal controls. Since the PCL-5 score of 33 showed optimal efficiency for detecting PTSD cases according to PCL-5 scoring criteria, we calculate the proportions of participants who had PCL-5 score more than 33. The results revealed that only one patient (1.0 percent) and two NCs (1.9 percent) had exceeded the cutoff score. No gender effect was detected in this analysis.

The total score of PSS-10 did not differ between the two groups. We calculated the scores of "Perceived Helplessness" and "Perceived Self-efficacy" using gender stratification. The analysis revealed that the score of "Perceived Helplessness" showed a trending difference between patients and NCs (Z = 1.85, *P* = 0.064), while no between-group difference was observed in the score of "Perceived Self-Efficacy". However, when stratified by gender, the female patients exhibited a significantly higher score of "Perceived Helplessness" compared to male patients (Z = 2.56, *P* = 0.010), female (Z = 2.37, p = 0.018) and male controls (Z = 2.87, *P* = 0.004), respectively ([Fig. 2](#f0010){ref-type="fig"} ).Fig. 2The boxplot of the score of PSS-10 subscale "Perceived Helplessness" between two groups, split by gender. The aroids represent statistical difference between subgroups.

3.2. Association of psychological assessments with inflammatory biomarkers {#s0040}
--------------------------------------------------------------------------

The correlation analysis revealed no significant relationship between psychological assessments and inflammatory indicators when looking at the entire patient group. However, among patients presenting depressive features (total score of PHQ-9 above 4), the level of CRP was positively correlated with the total score of PHQ-9 ([Fig. 3](#f0015){ref-type="fig"} ) (R = 0.37, *P* = 0.003, Spearman\'s correlation)After controlling for age and duration of hospitalization, the association remained significant (R = 0.28, *P* = 0.028, Spearman's correlation). The CRP level and other inflammatory markers did not show statistical difference between patients with and without DS. There was no significant relationship found between other psychological assessments and the level of CRP.Fig. 3Spearman's rank correlation coefficient analysis correlating the total score of PHQ-9 and the level of CRP among COVID-19 patients with symptoms of depression.

We further investigated the impact of inflammatory changes, from the first day of hospitalization to the point of our survey, on the outcomes of depression level among patients. As displayed in [Table 4](#t0020){ref-type="table"} , the patients without DS showed significant amelioration in CRP level (*t* = 3.76, *P* = 0.001), whereas the patients with DS did not show statistical change (*t* = 1.36, *P* = 0.179). Moreover, the change of CRP level from baseline reversely correlated with the total PHQ-9 score (R = -0.31, *P* = 0.002) at point of our survey, indicating that the improved CRP level may have resulted in less depressive symptoms at the time of our survey. Trending association between the change of CRP level and PHQ-9 total score of was also observed among patients with DS (R = -0.25, *P* = 0.053). Since hospitalization length of stay and age may affect the inflammatory outcomes, we compared the two variables between patients with and without DS and found no group-difference (for age: *t* = 1.23, P = 0.222; for hospitalization duration: *t* = -0.05, *P* = 0.957).Table 4Clinical characteristics at baseline and time of fulfilling survey.VariablesPatients without DS*P* valuePatients with DS*P* valueBaselineFollow-upBaselineFollow-upLeukocyte (10\^9/L)5.13 (1.39)5.36 (1.32)0.3215.29 (2.78)5.76 (2.18)0.137Neutrophil (10\^9/L)3.24(1.24)3.00(1.03)0.2983.50 (2.58)3.45 (1.97)0.876Lymphocyte (10\^9/L)1.35(0.49)1.76(0.53)\<0.0011.26(0.56)1.71(0.59)\<0.001Monocyte (10\^9/L)0.49(0.22)0.47(0.16)0.3230.50(0.24)0.50(0.18)0.924HS-CRP (mg/L)17.31 (18.69)6.37(13.24)0.00114.94(20.13)10.61(21.29)0.179PCT (ng/L)0.04(0.02)0.03(0.02)0.0090.04(0.03)0.03(0.02)0.007Platelet (10\^9/L)182.50(59.82)253.39(106.05)\<0.001194.06(63.86)269.27(84.95)\<0.001ESR (mm/h)50.18(35.98)57.45(29.80)0.28454.68(32.81)49.87(28.91)0.166[^4][^5]

3.3. Mixed data: Meta-matrices of quantitative and qualitative data {#s0045}
-------------------------------------------------------------------

The qualitative results were extracted from the narratives of patients during the semi-structured interview and were matched with the quantitative measurements ([Table 5](#t0025){ref-type="table"} ). The quantitative data were found to be matched with the content of items 1, 2, 6 in PSS-10, and items 6, 7, 10, 11 in PCL-5. The severities of the above items were subsequently compared between patients and NCs. The COVID-19 patients showed significant higher scores in the items 1, 6 of PSS-10 (item 1, Z = 2.02, *P* = 0.044; item 6, Z = 2.62, *P* = 0.009) and items 10, 11 of PCL-5 (item 10, Z = 3.55, *P* \< 0.001; item 11, Z = 5.52, *P* \< 0.001), whereas trending group differences were showed in the item 2 in in PSS-10 (Z = 1.84, *P* = 0.065) and items 6, 7 in PCL-5 (item 6, Z = 1.83, *P* = 0.068; item 7, Z = 1.78, *P* = 0.076).Table 5Meta-matrices of frequency and percentage of quantitative data and narrations of qualitative data.ItemsCOVID-19 Patients (N = 103) (%)Narratives (n = 5)01234PSS-10, item 1[\*](#tblfn1){ref-type="table-fn"}Upset because of something that happened unexpectedly23(22.3)27(26.2)45(43.7)7(6.8)1(1.0)Patient A: "Then the ones who came here later than me were discharged, the ones who were older than me were discharged... Everyone said that I was in good condition, really good, but I was not discharged."Patient B: "At that moment, I didn\'t believe that I might get this disease, because I really paid attention to prevention. The other reason is, we left (Henan province) on January 23. We were afraid that the highway would be closed, so we left after eating dinner. We left during the night. We started quarantine once we arrived (Shanghai), we didn't get out of the house... so I didn\'t believe that I will have this disease." "I said that my protection was good, how could I have the disease? Because I have calculated the proportion of the disease, the proportion of individuals who were ill. (The rate) was just like winning 5 million (in the lottery) ...Just very few people. Because at that time I also paid attention to the news. Because there were almost 10 million people in Wuhan, probably only ten thousand people (get the disease). I said this is about one-in-ten thousand, basically. Isn\'t it? So, I didn\'t believe it. When the test results came out and he said it was positive, I was, like, worried."Patient E: "My family members were quarantined, and some friends were quarantined, which kind of affected me. And I thought it was a viral flu before (the results came out). Although I wore a mask, I treated more than 200 patients during that time. Those patients were isolated, and I felt under pressure from this aspect. "PSS-10, item 2 Felt that you were unable to control the important things in your life26(25.2)31(30.1)34(33.0)10(9.7)2(1.9)Patient A: "There are some uncertainties about the unknown." "... Everything is unknown. You know? ... So, as the extension of time, the longer the time, the more anxious (I feel). I don't know how the progression (of disease) happened on me." "So, the information we got wasn\'t enough to support my confidence, and it makes me doubt what\'s going on. I need to analyze it from something I have no idea with. I try to find something. The more I found, the weirder I feel. Anyway, the feeling is vague. I'm at a loss." Patient D: "There\'s a lot of uncertainty going on here. I packed up my things. I was ready to be transferred, and then there was no news. They asked me to transfer and I packed up my things, and then there was no news. It happened several times, during these days. So, the anxiety caused from this aspect is comparably obvious.""But it\'s a new disease. Nobody knows much about it. And nobody\'s ever seen what in my case, right?"Patient E: "So, would it influence, and how much influence would it make later? What kind of damage would it cause, to myself and the people around me? We\'re uncertain about that.""When encountering this kind of problem, SARS and COVID-19, from the government to the hospital, and to the individual levels, I feel no one could have that defensive state once in a sudden. Of course, we have drills during peacetime, but the practice is not enough to cope with such a problem. Not enough to cope with this problem. After the whole order were all messed up at once, I felt very puzzled. At that time there was a kind of vacant feeling."PSS-10, item 6^\*\*^ Found that you could not cope with all the things you had to do21(20.4)32(31.1)39(37.9)11(10.7)0(0.0)Patient A: \[the Patient was worried about her privacy. She hid her illness from her neighbour, and she worried that the neighbour will find out the truth and their relationship will break down.\] I was thinking what if one day, if I don\'t come home all the time, or if my condition gets worse, what could I tell them? (We have) so many years of friendship. Then they will say, you swore that you were at home, and I brought you food to your house every day. You have taken them in, and you also told me how they tasted? "Patient C: "After being discharged, I need to find another place. To have be quarantined for a few more days. I\'m afraid I won\'t be able to find a place to stay."Patient D: "I don\'t know if there\'s going to be any changes in the future, or some sort of consequence." "I don\'t know much about the mental health problems either. How do you feel about my current mental state? Is there any mental issue or situation that might follow?"Patient E: "One (of my worries) is fear of causing panic, the other is fear of further disclosure of privacy... There are a lot of doctors living in my residential area. If there is a panic, it\'s not just me (that would be influenced). Maybe the community will stop me from going back to the residential area, and the other doctors would also be expelled. So, there's high pressure from public opinion.PCL-5, item 6 Avoiding memories, thoughts, or feelings related to the stressful experience63(61.2)34(33.0)5(4.9)1(1.0)0(0.0)Patient B: "Don\'t even think about it. The more you think about it, the worse the emotion would be.""There's a word called heartless. Think less about things, which might be better."Patient C: "When you\'re sick, you won\'t get better even if you worry yourself to death. So, take it as it comes, take it as it comes!"PCL-5, item 7 Avoiding external reminders of the stressful experience (for example, people, places, conversations, activities, objects, or situations62(60.2)32(31.1)9(8.7)0(0.0)0(0.0)Patient B: "You see, I don\'t read much of the negative information on the phone... I just read the positive ones. Some (information) are about the ones who get sick and some of family members have died. So cruel. I just, I just try not to read them."Patient C: "(I) try to fill my day a little bit, which can really help me to distract myself a little bit."PCL-5, item 10^\*\*^ Blaming yourself or someone else for the stressful experience or what happened after it52(50.5)39(37.9)7(6.8)5(4.9)0(0.0)Patient A: "The other thing is, the doctor didn\'t go and ask you... He didn\'t have more communication with you... I really want to tell the doctor (my ideas). Things turned to be that I have said a lot, I have spoken thousands of words, and just (get) one response: "What to do? Wait for the result." "You\'re not respected in this environment, you know?"Patient B: "Some of the homeowners of the community said online that, he said (he) watched me go out, and go out to buy food, and talk with others in the corridor. I said he made it up, and it's a defamation action. My son and daughter-in-law, they have dialed 110 to call the police. " "We can still sue him if he doesn\'t apologize and make this clear in the (online) group."Patient C: "The biggest problem is that, what is terrible is not the disease, but the human hearts.""Then because the people around you, people all treat you, how to say,as you are the plague, you got the plague, and they give you a label. "Patient E: "Sometimes, it\'s true that natural and man-made disaster, I think, they're always combined together. Natural disaster is a man-made disaster."PCL-5, item 11^\*\*^ Having strong negative feelings such as fear, horror, anger, guilt, or shame45(43.7)50(48.5)4(3.9)4(3.9)0(0.0)(Fear, Horror): Patient A: "I also felt like if I follow this thought, I felt very scared.""This horror is originated from the unknown." "It comes from unknown. The horror is all about the unknown. Information asymmetry, yes. We can\'t solve it."Patient C: "At least there\'s a window (in that room before confirmed infection) where we can see cars coming and going and so on. But not here, there's nothing could be seen here... (I have the feeling of) airtight, airtight phobia. "Patient E: "(About) pulmonary fibrosis or something like that, it\'s more or less about understanding whether or not it's going to affect my life or so in the future. After all, we are people in the first place, and people could be afraid. Isn\'t it?" (Guilt): Patient A: "My pressure is from my neighbors and relatives, such as my sister and my parents in Wuhan, where's my hometown. They would like to (have) video call with me these 10 s、20 s days. They want to video chat with me, a person quarantined at home \[The patient lied to them. The fact is, she was hospitalized\]. I can\'t video chat with them. Every time I need to find some reasons to reject them. I felt sad about it. The more day (passed), the more stressed I feel. And I couldn't let them know. You have to lie to the people who care and love you." "That kind of guilty feeling... Suddenly, I had to lie, and then I had to cover up the lie with a bunch of lies. It was really stressful." (Helpless): Patient A: "Actually, I felt like we were abandoned. I had this kind of feeling at that moment... Really, at that time, I thought about the stories we read many years ago, about the leprosy hospital. (I) really thought pessimistic. During that time, you had no one to take care of you, and you need to survive on your own." "The feedback from the doctors really made me feel helpless. It made me feel very helpless."[^6][^7][^8]

The primary factors related to the patient\'s perception of stress were the unexpectedness, loss of control (uncertainty), and sense of powerlessness. The unexpected factors could be the infection of COVID-19 (item 1 of PSS-10, Patient B), the impact the disease has on people around them (item 1 of PSS-10, Patient C), and the length of stay of the hospitalization (item 1 of PSS-10, Patient A). The uncertainty was due to the lack of information about the patient\'s ongoing changes of physical status (item 2 of PSS-10, Patient A), the perceived paucity of support from health authorities (item 2 of PSS-10, Patient D, and E), and the unknown aspects of the COVID-19 disease (item 2 of PSS-10, Patient D, and E). The sense of powerlessness was engendered by the difficulties the patients could not solve, e.g., interpersonal problems (item 6 of PSS-10, Patient A), the inaccessibility to a healthcare facility during the outbreak (item 6 of PSS-10, Patient C), the side effects of treatment and morbidity and mortality associated with the disease (item 6 of PSS-10, Patient D), and the stigma associated with COVID-19 that affected themselves, their family, and friends (item 6 of PSS-10, Patient E).

The main post-traumatic symptoms found among patients were avoiding the internal and external clues of stressful experiences, blaming others, and having strong negative feelings, including fear, guilt, and helplessness. Patients reported more blaming of others, such as the doctors (item 10 of PCL-5, Patient A), neighbors (item 10 of PCL-5, Patient B, and C), and health authorities (Patient E). The feeling of fear was associated with uncertainty (item 11 of PCL-5, Patient A), the isolation associated with being confined to an enclosed space (item 11 of PCL-5, Patient C), and the worries concerning the consequence of the disease (item 6 of PSS-10, Patient E).

4. Discussion {#s0050}
=============

To our knowledge, this is the first study utilizing a mixed-method triangulation design to investigate the immediate psychological impact of COVID-19 on the patients and its association with inflammatory biomarkers. Compared with normal controls, patients with COVID-19 presented higher levels of depression, anxiety, and post-traumatic stress symptoms. Though the total score of PSS-10 did not differ between patients and NCs, subgroup analysis demonstrated that female patients reported significantly more "Perceived Helplessness" than male patients and NCs. As for interactions between psychological distress and inflammatory biomarkers, the results revealed that depression levels were statistically directly related to the levels of CRP among patients with DS. Moreover, the more improvement of CRP level from baseline resulted in lower scores of PHQ-9 at the time of the survey. Finally, qualitative analysis revealed that the main factors related to a patient\'s perception of stress of being diagnosed with COVID-19 were the unexpectedness of the illness, loss of control (uncertainty) and sense of powerlessness, and post-traumatic symptoms. The latter included avoiding stressful experiences, blaming others, and strong negative feelings of fear, guilt, and helplessness. Stigma is also an important issue among patients with COVID-19, as it may negatively affect their daily life in the community.

Given the profoundly serious nature of the COVID-19 outbreak, it was not surprising that a significant proportion of patients studied experienced depression, anxiety, and post-traumatic symptoms. Of note, is that in 2003, at the height the SARS outbreak, severe psychological outcomes were also observed in infected patients. A survey conducted in Hong Kong at that time showed that hospitalized patients with SARS reported increased stress and negative psychological effects by the measure of PSS-10 ([@b0055]), with a mean score of 20. Later, Cheng and the colleagues examined the psychological distress of SARS survivors, those who had been discharged from hospital, and found that about 35 percent of patients reported \'moderate to severe\' or \'severe\' ranges of anxiety and/or depressive symptoms ([@b0040]). Both studies included patients with the most severe type of SARS, with some admitted to ICU. Hence, our results may only be representative of patients who have less severe COVID-19 symptoms. A number of studies in China have investigated the mental status of COVID-19 patients ([@b0025]), those COVID-19 negative ([@b0135], [@b0180]), and the healthcare workers (HCWs) ([@b0105], [@b0130]). These studies consistently report that citizens of Wuhan or Hubei province were prone to higher levels of post-traumatic stress symptoms ([@b0025], [@b0135]) or psychological distress ([@b0180]) than other regions of China. Similar to our study, the nationwide on-line survey conducted by Qiu\'s group observed a gender effect on psychological outcomes ([@b0180]), with females showing significantly higher psychological distress than males. Two other investigations focusing on HCWs found a comparable proportion of participants with symptoms of depression (50.4 percent), anxiety (44.6 percent) as in our data ([@b0105]). They also found that the general public and non-front-line nurses exhibited much higher vicarious traumatization than front-line nurses ([@b0130]).

Most importantly, we determined the positive association between the features of depression and levels of CRP. In addition, the improvement on CRP concentration strongly correlated with levels of depression at the time of our observation. Although only cross-sectional psychological distress data was collected, the levels of depression seemed to be highly influenced by previous changes of inflammatory marker. This implies that the fluctuation of inflammation can dynamically influence the depressive symptoms among COVID-19 patients. Previous research on patients with MERS-CoV and SARS-CoV validate that the coronavirus might affect the central nervous system as it can be detected in the cerebrospinal fluid ([@b0005], [@b0215]). Recent evidence has confirmed that the COVID-19 is also neurotropic and possibly invades the brain through the olfactory tract in the early stages of infection ([@b0270]). A significant number of COVID-19 patients report a sudden loss of smell or taste as an early symptom, which may indicate anosmia and dysgeusia caused by COVID-19 ([@b0060]). Moreover, symptoms similar to intracranial infections such as headache, epilepsy, altered consciousness, and encephalitis among COVID-19 patients ([@b0155]) highlight the acute neuropsychiatric symptoms due to the virus.

An initial report of 217 hospitalized patients in Wuhan, China, observed neurologic symptoms in nearly half of those with severe infection, with lower blood lymphocyte counts and elevated plasma CRP in patients with CNS-associated or muscular symptoms ([@b0145]). Notably, the elevated CRP levels or neutrophil counts combined with lower lymphocyte counts were considered to be prognostic of poorer COVID-19 outcomes. Our data demonstrated increased lymphocyte counts and decreased plasma CRP in the recovery phase of the illness. However, CRP levels in patients with DS were not significantly diminished, which may lead to mild neuropsychiatric symptoms, such as those associated with depression.

This result aligned with the prior CoV-related findings in psychoneuroimmunology ([@b0030]), in which the mood disturbance could be a direct result of the virus infection in the brain or due to the activation of immune-inflammatory response ([@b0040]). Our data, however, may be in support for the latter hypothesis. Studies have proven that COVID-19 infection triggers the overproduction of pro-inflammatory cytokines including interleukin (IL)-6, IL-8, IL-10, IL-2R and tumor necrosis factor (TNF)-alpha, which could be related to neuropsychiatric symptoms ([@b0210]). The supporting evidence that Kuhlman and colleagues have revealed is the positive linkage between the increases in IL-6 and depressed mood and cognitive symptoms after receiving seasonal influenza vaccine ([@b0100]). Studies of cases of influenza encephalitis also demonstrate very little evidence that the neurological complications of influenza are due to the direct effects of the virus ([@b0250]). Meanwhile, studies in major depression have documented the positive association between depression levels and inflammatory biomarkers ([@b0085], [@b0190], [@b0220]), once again supporting the immune-inflammatory theory for mood disorders.

Except for the pathogen-immune--depression association, it may be meaningful to consider viral infections and subsequent immune activation as a form of stress. Dysregulation of stress could interact with the pathogenesis of depressive illness ([@b0065]), most likely resulting from a dysfunction of the hypothalamic--pituitaryadrenal (HPA) axis ([@b0010], [@b0150]). Inflammatory agents such as interleukins 6 and TNF-α can enhance HPA activation ([@b0020], [@b0230]). Therefore, the effective anti-inflammatory medications for COVID-19 may also be expected to relive the mood disturbance of patients. Since confounders such as medication and the hospitalization length of stay varied among our sample, future studies should focus on medication-free COVID-19 patients and follow the trajectories of inflammatory biomarkers and mental status to clarify this issue.

The study is also the first utilizing mix-methods to illustrate the perceived stress and stress-related symptoms amongst COVID-19 patients. These perceptions are rarely qualitatively reported using free form responses to open-ended questions from patients. Generally, patients' reports focused on their experiences after being diagnosed as COVID-19. Their perceptions of stress were related to the unexpectedness of the illness, loss of control (uncertainty), and a sense of powerlessness. Regarding the post-traumatic symptoms, patients reported a variety of avoidance behaviors and negative feelings, including fear, guilt, and helplessness. These results are in line with several articles about the experiences of COVID-19 patients. They, too, suggest that patients may experience fear of the consequences of infection ([@b0275]), anxiety, depression, guilt, and anger ([@b0080]). The feeling of anger was not reported directly, which might be related to social desirability bias, but could be observed when patients reported themselves blaming others. Disengagement maladaptive coping strategies were identified from avoidance behaviors and patients denying any discomfort during the interview. Due to the limitation of sample number and the study design, it is not possible to determine the entire range of coping strategies the patients used and their mediating effects of responses to stress on the association between perceived stress and stress-related symptoms. Stigma and the uncertainty about the consequence of the infection are the two main causes of the negative feelings and thoughts among COVID-19 patients. As found in SARS-related stigma studies, media miscommunications of risk mitigation strategies and inconsistent health policy have augmented uncertainty toward sudden viral epi and pandemics ([@b0110]) resulting in widespread fear and anxiety. Previous scientific studies have shown that the internalized HIV stigma was a strong predictor of depression ([@b0200]). The influence of COVID-19 stigma on the mental status of patients is worth discussing in future studies.

The results of this study generate comprehensive insights into the stress and psycho-immunological changes in COVID-19 patients with valuable evidence for clinical intervention not found in other studies. In accordance with recent commentary ([@b0275]) and guidelines, these findings highlight the importance of timely mental health care for COVID-19 patients and call for more discussion. Future research could focus on the mediating role of coping strategies and gender differences in the stress-related symptoms of patients, and the cause and consequence of the stigma associated with the psychopathology symptoms of COVID-19 patients.

5. Limitation {#s0055}
=============

There are some limitations to this study. First, patients with severe and life-threatening COVID-19 were not included in this study. Second, the sample of the study was relatively small, and only five patients participated in the qualitative interview. Possible confounders, such as medication, comorbidities, and duration of hospitalization, may substantially affect the interpretation of our results. Pro-inflammatory cytokines, which may reflect the stress and mood disturbance, were not tested in our cohort of mild cases. Third, social desirability concerns may influence the responses to measurements used in this study. Finally, this is a cross-sectional study and follow-up data was not included

6. Conclusion {#s0060}
=============

Depression and anxiety symptoms were more common among COVID-19 patients than in normal controls. The associations between the severity of depression symptoms and the level of CRP may indicate that the virus could affect the central nervous system and induce neuropsychiatric symptoms by activation of immune-inflammatory response. Stigma is an important issue, which may affect the daily life of patients in the community. Necessary measures should be implemented to provide treatment to COVID-19 patients with depression and other mental problems, especially those with pre-morbid risk factors. Addressing the stigma associated with having a disease with profoundly high rates of morbidity and mortality and imparting adaptive coping strategies should be included when delivering psychological interventions.
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[^1]: equal contribution

[^2]: Key: PHQ-9, Patient Health Questionnaire, 9-item version; GAD-7, Generalized Anxiety Disorder, 7-item version; PSS-10, Perceived Stress Scale, 10-item version; PCL-5, PTSD Checklist for DSM-5; HS-CRP, Hypersensitive C-Reactive Protein; PCT, Procalcitonin; ESR, Erythrocyte Sedimentation Rate.

[^3]: Note: The demographical data and psychological scales were obtained from 103 patients, while peripheral inflammatory tests were obtained from 100 patients.

[^4]: Key: DS, depression symptoms; HS-CRP, Hypersensitive C-Reactive Protein; PCT, Procalcitonin; ESR, Erythrocyte Sedimentation Rate.

[^5]: Note: At baseline, PCT were obtained from 98 patients, other inflammatory tests obtained from 100 patients. At follow-up, all inflammatory tests were obtained from 100 patients. The follow-up time is defined as date within ± three days of completing the on-line survey.

[^6]: Key: PSS-10, Perceived Stress Scale-10; PCL-5, PTSD Checklist for DSM-5.

[^7]: Note: Patient A, female, aged between 50 and 55 years old kept her infection as a secret. She did not reveal her diagnosis to her neighbors and other family members, except her husband. Patient B, male, aged between 60 and 65 years old. Patient C, male, aged between 35 and 40 years old. Patient D, male, aged between 30 and 35 years old. His family members were also infected with the virus. Patient E, female, aged between 35 and 40 years old. She was hospitalized again because of the repeat positive virus test result.

[^8]: *P* \< 0.05, ^\*\*^*P* \< 0.01
